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Low molecular weight proteinuria in Chinese herbs nephropathy.
Urinaiy excretion of five low molecular weight proteins (LMWP) [j32-
microglobulin (132m), cystatin C (cyst C), Clara cell protein (CC16),
retinol-binding protein (RBP) and alpha1-microglobulin (a1m)], albumin
and N-acetyl-f3-D-glucosaminidase (NAG) were quantified in 16 patients
who followed a weight reduction program which included Chinese herbs,
which have been incriminated in the genesis of Chinese herbs nephropathy
(CHN). An additional group of four patients transplanted for CHN were
investigated. Urinaiy data were obtained for comparison purpose in five
groups of proteinuric patients: two groups with normal serum creatinine
(Sr) and glomerular albuminuria [12 patients with diabetes mellitus and
microalbuminuria (DN), 10 patients with primary nephrotic syndrome
(NS)]; two groups with normal Scr and toxic nephropathy [6 patients with
analgesic (AN), 9 patients with cadmium nephropathy (CdN)j; and one
group of seven patients with glomerular diseases and increased Sr (GN).
Patients were classified according to serum level S2rn to take into account
the possibility of overflow proteinuria at S02m  5 mg/liter. Three patients(CHNO) with a S2m < 5 mg/liter, had a normal urinary protein pattern
including NAG and a normal S rn Eight patients (CHN1) with a S02m <
5 mg/liter had various abnormaAties of their urinary protein pattern. In
four of them (CHN1a) only 132m, RBP and CC16 were increased while
total proteinuria and S were normal. In the other four (CHN1b and c)
albumin, cyst C, aim and NAG were also elevated, while total proteinuria
and Sr were moderately raised. Five patients (CHN2) with a S2m  5
mg/liter had a markedly increased excretion of all LMWP, albumin and
NAG (CHN1 vs. CHN2, P < 0.05) as well as a further increase in total
proteinuria and Sr. The urinary LMWP/albumin concentration ratio was
strikingly higher in CHN patients than in patients with glomerular
albuminuria (CHN1 vs. DN and NS, P < 0.01) or moderate renal failure
with elevated S2rn level (CHN2 vs. GN, P < 0.01), confirming the
existence of a tubular proteinuria independent of glomerular albuminuria
or overflow proteinuria. A similar proteinuria pattern was present in the
two toxic nephropathies (CdN and AN). This pattern was no longer
recognizable after transplantation. In conclusion, CHN exhibits various
profiles of tubular proteinuria which are the hallmarks of the disease. This
pattern is still detectable in patients with renal failure and/or glomerular
albuminuria. It is identical to that observed in cadmium and analgesic
nephropathies. It does not recur after transplantation. Its most sensitive
and reliable marker is a raised urinary level of CC16 or RBP.
Chinese herbs nephropathy (CHN) is a newly described entity
characterized by a rapidly progressive renal failure occurring in
young females who attended a single weight reduction clinic. It
has been tentatively attributed to the ingestion of Chinese herbs
containing aristolochic acid [1, 2]. Histological examination of the
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kidney discloses intense interstitial fibrosis with severe tubular
atrophy contrasting with the absence of primary glomerular
abnormalities [1, 3]. The patients' proteinuria was mild, and
preliminary evidence suggests that it was of the tubular type [3].
Low molecular weight proteins (LMWP) pass readily through
the glomerular filter and are subsequently reabsorbed by a
complex process, including a binding to the proximal tubular cells
membrane followed by endocytosis and catabolism [4]. Their
appearance in the final urine results either from an elevated
serum level exceeding their reabsorptive threshold or from a
deranged tubular reabsorption process [5—9]. Only the latter is the
cause of the so-called tubular proteinuria encountered in a variety
of tubular diseases.
In the present study, we characterized the proteinuria associ-
ated with CHN. We evaluated the urinary excretion of albumin
(Alb, molecular wt 66 kD) and five LMWP: beta2-microglobulin
(/32m, molecular wt 11.8 kD), cystatin C (cyst C, molecular wt 13.2
kD), protein 1 or Clara cell protein (CC16, molecular wt 15.8 kD),
retinol-binding protein (RBP, molecular wt 21 kD) and alpha1-
microglobulin (aim, molecular wt 33 kD). The urinary activity of
the lysosomal enzyme N-acetyl-J3-D-glucosaminidase (NAG) is
measured as a marker of.the structural integrity of the proximal
tubular epithelium [10, ii]. The pattern of proteinuria in CHN is
compared to that observed in glomerular diseases [diabetic ne-
phropathy (DN), nephrotic syndrome (NS) and other glomeru-
lopathies (GN)], or toxic nephropathies such as cadmium (CdN)
and analgesic nephropathy (AN).
Our results show that the proteinuria in CHN is of tubular type,
characterized by a sharp increase of the excretion of LMWP
contrasting with a moderate elevation of albuminuria. This pat-
tern is similar to that observed in other types of toxic diseases such
as cadmium or analgesic nephropathy. It does not recur after
transplantation. Among the studied LMWP, CC16 and RBP
appear as the most sensitive and reliable urinary markers of the
disease.
Methods
Patients
All patients referred between April 1993 and March 1994 to our
clinic for renal evaluation after a slimming cure containing
Chinese herbs were included. Sixteen patients (15 females and 1
male, mean age 41.8 2.1 years), who between May 1990 and
September 1992 had followed the slimming regimen and ingested
the formula 2 capsules containing the incriminated Chinese herbs
[1] were investigated (Table 1). None had a history of analgesic or
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Table 1. Characteristics of patients
Group/N° Sex
Age
years
Serum /32-
microglobulin
mg/litera
Serum
creatinine
mg/dl
Proteinuria
mg/day"
CHNO
(N =3)
1 F 34 1.59 0.94 50
2 F 44 1.87 1.25 90
3 F 40 1.90 1.00 70
CHN1
(N =8)
4 F 50 1.33 1.25 170
5 F 45 1.90 0.95 180
6 F 46 2.10 0.86 130
7 M 37 2.21 1.02 ND
8 F 36 3.87 1.96 360
9 F 53 2.46 2.08 ND
10 F 48 4.77 2.29 350
11 F 26 3.40 2.60 1,030
CHN2
(N =5)
12 F 46 5.12 2.12 390
13 F 43 6.48 5.21 510
14 F 42 7.32 4.48 1,360
15 F 60 7.48 2.67 600
16 F 30 7.52 3.92 700
ND is not done.
a Normal range: 1—2 mg/liter
b Normal < 150 mg/day
other medication abuse, chronic urinary infection, hypertension,
diabetes mellitus or other systemic disease likely to cause renal
damage. They were divided according to their serum f32m (S2m)
to take into account the possibility of overflow proteinuria at Sp2m
 5 mg/liter. Four female patients (mean age 40.1 years) who had
been transplanted for CHN were also examined. They had well
functioning transplanted kidney.
Comparison studies
For comparison purposes five groups of proteinuric patients
were selected; their characteristics are listed in Table 2. Group
DN included 12 females (mean age 42.3 years) with type I
diabetes and microalbuminuria (20 to 200 mg/g creatinine).
Group NS included 10 biopsied patients (6 F and 4 M; mean age
35.1 years), who were followed for nephrotic syndrome (minimal
change nephropathy, N = 7, and focal glomerulonephritis, N =3).
Group CdN included nine workers (5 F and 4 M; mean age 46.6
years) with long exposure to cadmium (Cd) (6.5 years on the
average), frankly elevated level of urinary Cd (>30 g/g creati-
nine, normal value <2) and a raised level of urinary RPB (> 300
mg/g creatinine). The fourth group (AN) included six subjects (4
F and 2 M; mean age 50.6 years), with analgesic nephropathy. This
diagnosis rested on a history of long-term analgesic intake, clinical
and/or Rx findings of interstitial nephritis (mild proteinuria, that
is,  1 g/day with aseptic leukocyturia, asymmetric shrunken
kidneys with occasional lesions of papillary necrosis) and the
absence of other renal disease. The fifth group (GN) included
seven patients (3 F and 4 M; mean age 54.8 years) with glomerular
disease without nephrotic syndrome (5 membranous nephropa-
thy, 1 proliferative glomerulonephritis and 1 vasculitis).
Table 2. Characteristics of comparison groups
Group Characteristics
Diabetic group -Microalbuminuria: 20.7—208.3
N = 12 (mean 124.8) mglg creatinine
5Cr 0.5—1.3 (mean 0.8) mg/dl
Nephrotic group
Sp2m: 0.9—1.9 (mean 1.3) mg/liter
-Total proteinuria: 3.6—8.0 (mean 5.6) g/24 hrN = 10 5Cr 0.6—1.3 (mean 1.0) mg/dl
Cadmium group
1.2—4.7 (mean 2.6) mg/liter
-Urinaiy Cd: 31—142 g/g creatinine
N = 9
-Urinary RBP: 332—74,000
(mean 1764) mg/g creatinine
Cr 0.6—1.2 (mean 1.1) mg/dl
Analgesic group
Sp2m: 1.7—3.0 (mean 2) mg/liter
-Total proteinuria: 0.38— 1.02 (mean 0.61) g/24 hr
N = 6
-Scr: 1.4—2.7 (mean 1.8) mg/dl
Glomerular group
Sp2m:l33.S (mean 2.1) mg/liter
-Total proteinuria 2.3—12.4 (mean 4.1) g/24 hrN = 7 5Cr 3.1—5.2 (mean 3.8) mg/dl
Controls
5.0—8.3 (mean 6.1) mg/liter
Scr: 0.6—1.3 (mean 1.0) mg/dlN = 23
-S2m: 0.9—2.5 (mean 1.7) mg/liter
A group of 23 healthy female subjects (mean age 40.6 years)
from the laboratory staff served as control (CTRL).
Analytical methods
Blood and 24-hour urine samples were obtained from controls
and patients, with the exception of two CHN patients, Cd workers
and diabetics who provided only untimed urine samples. Serum
and urine samples were stored at —20°C until analysis. Creatinine
in serum and urine was measured by the Jaffé's technique. The
urine concentrations of Alb, cslm, f32m, cyst C, CC16 and RBP,
and the serum concentration of f32m were determined by a
sensitive immunoassay relying on the agglutination of latex parti-
cles (latex immunoassay) [12]. The activity of NAG in urine was
determined by the fluorimetric assay described by Tucker et al
[13].
Statistical analysis
Statistical tests were done by using the Statview SE software
(Abacus Concepts, 1988). Concentrations of proteins in urine are
expressed per g of urinary creatinine. All parameters except age
were log transformed before statistical analysis and the normality
of their distribution was checked by the Kolmogorov-Smirnov
one-sample test. Results are presented as the geometric mean
the geometric SE. Comparisons between the groups are performed
by the two-tailed Student's t-test or, in case of more than two
groups, by one-way analysis of variance followed by the Scheffé's
multiple comparison test. The level of statistical significance was
set at P < 0.05.
Results
Proteinuria pattern in CHN
The tubular reabsorptive threshold of serum LMWP is known
only for /32m and free RBP; it is reached for both proteins at the
same degree of renal insufficiency: 5 mg/liter for Sp2m and 25
mg/liter for free RBP [5, 6]. We therefore divided our 16 patients
according to their S2m level, below or above 5 mg/liter, and
further according to the pattern of proteinuria (Table 1).
Three patients (CHNO) had a Sp2m < 5 mg/liter and a normal
urinary protein pattern, that is, no abnormality of the LMWP, Alb
and NAG levels (Fig. 1). Total proteinuria as well as Sr levels
were normal.
Eight patients (CHN1) also had a Sp2m < 5 mg/liter but with
various abnormalities of their urinary protein patterns as com-
pared with controls (Fig. 1). In four patients (CHN1a, patients 4
to 7) urinary 2m, RBP and (in 3/4) CCI6 were raised in contrast
with normal urinary levels of cyst C, cs1m, Aib and NAG. In this
subgroup, total proteinuria was < 200 mg/day and Sr S 1.25
mg/dl. In a fifth patient (CHN1b, patient 8) the low molecular
weight proteinuria pattern was the same but in addition included
an increased level of albuminuria. Total proteinuria and SCr were
higher than in the previous subgroup. In the last three patients
(CHN1c, patients 9 to 11) urinary excretion of all LMWP
including cyst C (in 2/3 only), a1m, Alb as well as NAG were
elevated. In this subgroup, total proteinuria and S were in-
creased further.
Five patients (CHN2) had a S2m  5 mg/liter, and a marked
increase of all LMWP, Alb and NAG in the urine above that
observed in CHN1 group (P < 0.05; Fig. 1). Total proteinuria and
SC,. levels were higher (P < 0.05) than in the CHN1 group.
Comparison studies
To take into account the possible influence of albuminuria on
the urinary excretion of LMWP in CHN patients, the LMWP
urinary pattern of eight CHN patients with a Sp2m < 5 mg/liter
fCHN1I were compared with that observed in 12 patients with
type I diabetes (DN) and microalbuminuria (mean 154 14 mg/g
creatinine) and in 10 nephrotic patients (NS) with albuminuria
(2828 472 mg/g creatinine), all of whom had a Sp2m <5 mg/liter.
As may be seen in Figure 2A, the LMWP/albumin concentration
ratio 141 in urine is strikingly higher in the CHN1 patients with
tubular proteinuria than in these two groups (P = 0.0001).
Progression of renal failure is associated with a rise in the serum
level of LMWP and an increased urinary excretion of filtered
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Fig. 1. Urinaty concentration of (A) low
molecular weight proteins, (B) albumin and f3-N-
acetyl-D-glucosaminidase (NAG) per g creatinine.
The number of patients is given for each group.
Symbols in (A) are: () Clara cell protein; ()
cystatin C; (El) 132m; () retinol-binding
protein. Symbols in (B) are: () albumin; (El)
aim; (l) NAG. Abbreviations are: CTRL,
controls; CHNO, serum j32m <5 mg/liter, no
urinaly abnormalities and thus no Chinese
herbs nephropathy; CHN1, serum f32m < 5 mg/
liter and abnormal urinary protein levels;
CHN2, serum 132m  5 mg/liter and abnormal
urinary protein levels; TP, transplanted CHN
patients. * P < 0.05 compared to CTRL, § P <
0.05 compared to CHN1 and CHN2, # P <
0.05 compared to all other groups.
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are: CTRL, controls; DN, diabetic nephropathy
with microalburninuria; NS, nephroticE
c 102 syndrome; CHN1, Chinese herbs nephropathy;E 10_i ) CdN, cadmium nephropathy; AN, analgesicE abuse. All groups have S2m <5 mg/liter. * J
.0
ID 0.05 compared to CTRL, # P < 0.01 compared
to CTRL, DN or NS groups. Symbols are: ()10 10 Clara cell protein; () f32m; () retinol-binding
protein. B. Low molecular weight
protein/albumin concentration ratios and
10
albumin/g creatinine in the urine. The number
1 .0 of patients is given for each group. Symbols
are: () Clara cell protein; () /32m; ()
retinol-binding protein; () albumin.
Abbreviations are CTRL, controls; GN,1 0 10_i glomerulonephritis; CHN2, Chinese herbs
nephropathy; the latter two groups have a
 5 mg/liter. # P < 0.05 compared to other
groups.
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proteins [5, 6, 15]. To rule out a similar phenomenon in CHN
complicated by renal failure, we compared the low molecular
weight proteinuria pattern of five CHN2 patients who had ele-
vated Sp2m and Sr levels with that of seven patients with
glomerulonephritis (GN), matched for Sp2m (6.9 0.5 vs. 6.2
0.4, P = NS) and Sr levels (4.1 0.6 vs. 4.0 0.3, P = NS). The
GN group had a significantly higher albuminuria (3708 1412 vs.
146 32 mg/g creatinine, P < 0.05). The LMWP/albumin
concentration ratio was markedly higher in CHN2 than in GN for
132m, CC16 and RBP (P < 0.01; Fig. 2B).
The low molecular weight proteinuria pattern of CHN1 pa-
tients (Sp2m level < 5 mg/liter) was compared to that of patients
(Sp2m level <5 mg/liter) suffering from two other toxic nephrop-
athies, cadmium and analgesic nephropathy. Interestingly, the
LMWP/albumin concentration ratio in urine is raised to a similar
extent in the three conditions (Fig. 2A).
Low molecular weight proteinuria in transplanted CHN patients
The urinary protein pattern was examined in four transplanted
CHN patients with normal renal function (S < 1.4 mg/dl) and
Sa2m <5 mg/liter. The urinary excretion of Aib, a1m and cyst C is
normal whereas NAG, CC16 and RBP, though considerably lower
than in CHN1 and CHN2 patients, are still two to five times above
normal (Fig. 1), a pattern not different from that observed after
transplantation in patients with other primary renal diseases,
similar renal function, and given an identical immunosuppressive
regimen (data not shown).
Discussion
Our data conclusively demonstrate tubular proteinuria in pa-
tients with Chinese herbs nephropathy. Its classical marker, the
132m/Alb concentrations ratio [14], is indeed elevated while serum
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/32m level and albuminuria are still normal. As the disease
becomes more severe, the abnormal urinaly excretion of 2m
persists well above the levels that might result from the raised
levels of serum 132m or of albuminuria, as is apparent from the
comparison between CHN patients and other groups of patients
with either moderate renal failure or significant albuminuria.
The assessment of several LMWP (molecular weight ranging
from 13 to 33 kD) and NAG in addition to f32m and albumin
allows a more thorough analysis of tubular proteinuria. The full
spectrum of tubular proteinuria is illustrated in our 16 patients.
Three escaped or fully recovered from the initial toxic injury. Mild
tubular injury was present in the four patients of the CHN1a
group as evidenced by the raised urinary level of only three of the
LMWP, f32m, RBP and CC16. In this group, the normal levels of
serum /32m and urinary albumin exclude both an overflow pro-
teinuria and a possible competitive inhibition of tubular reabsorp-
tion by albumin [16-20]. Interestingly, this abnormality proved
reversible in two patients reinvestigated six and nine months later
(results not shown). A more severe tubular disorder was apparent
in four patients (CHN1b and c groups); all five LMWP (except
cyst C in 2 cases), Aib and NAG urinary levels are increased. The
severity of the disorder was confirmed by elevated levels of Sr
and total proteinuria. These abnormalities worsened in two
patients reinvestigated 3 and 16 months later. Finally, a more
dramatic increase in all urinary markers was present in the five
patients of the CHN2 group in which elevated levels of Sp2m and
Scr as well as of total proteinuria were manifest. Interestingly,
four of them eventually reached end-stage renal failure.
The elevation of NAG, a sign of cellular damage, is observed
only in categories with the most advanced tubular damage
(CHN1c and CHN2). It probably reflects a more severe toxicity of
the slimming pills and its attendant proteinuria. By contrast, an
elevated urinary level of only f32m, RBP and CC16 in the CHN1a
group, without an associated increase in urinary NAG, appears to
be the earliest sign of tubular dysfunction in CHN which, fortu-
nately, may prove eventually reversible.
CHN provides a unique opportunity to evaluate the interaction
between the various factors leading to the urinary loss of LMWP
such as tubular damage, glomerular albuminuria, serum f32m level
and renal failure. Indeed, its short time span in young women
allows the exclusion of a variety of intervening factors complicat-
ing the longer evolution of diseases such as analgesic nephropa-
thy. The data on low molecular weight proteinuria demonstrate
that patients with CHN have a tubular reabsorptive defect in the
proximal tubule, independent of the level of renal function and of
glomerular albuminuria. The ratio of various LMWP over albu-
min in the urine of CHN patients is significantly higher than that
observed in patients with mild (diabetic nephropathy) or severe
(nephrotic syndrome) glomerular proteinuria, or in patients with
a comparable degree of renal failure (glomerulonephritis).
The pattern of low molecular weight proteinuria of CHN is very
similar to the tubular proteinuria of Balkan endemic nephropathy
[2 1—23], another disease in which the toxic role of aristolochic acid
has been considered. It is virtually identical to that of two other
toxic nephropathies, CdN and AN. The full spectrum of tubular
proteinuria has been previously investigated by us in cadmium
nephropathy [24]. In this study, we report the first detailed
analysis of tubular proteinuria in analgesic nephropathy. In these
three conditions (CHN, CdN and AN) it appears that the earliest
and therefore most sensitive marker of tubular proteinuria is a
raised ratio of /32m, CC16 or RBP over albumin, irrespective of
the level of renal function or albuminuria. Since CC16 or RBP,
unlike 2m, are stable in the urine [25, 26], they are probably the
best diagnostic marker of tubular proteinuria.
The present observations suggest that CHN is due to a toxic
lesion of the proximal tubule, the main site of LMWP reabsorp-
tion. A more precise location of the damaged nephron segment is
beyond the scope of this study. Similarly, whether the proximal
lesions result from a direct or indirect effect of the postulated
toxic compound remains an open question as its identity is not yet
definitively established.
The relentless progression of renal failure observed in some
patients despite the interruption of Chinese herbs consumption
raises the possibility of a delayed effect. Fortunately our observa-
tions in four transplanted subjects suggest that this is not the case
for renal graft: NAG, CC16, 2m and RBP urinary levels are only
mildly elevated, whereas urinary aim and Alb are normal. The
same pattern is indeed observed in transplanted patients with
other primary renal disease.
Whether the tubular abnormalities revealed by microprotein-
uria somehow relate to the cellular atypias with eventual urothe-
hal carcinomas [27] observed in CHN remains to be elucidated.
Still, it should be remembered that proximal tubular cells involved
in microprotein reabsorption have an embryonic origin different
from that of the urothelium. So far no tumors originating in these
cells (hypernephroma) have been recorded.
In conclusion, the Chinese herbs nephropathy is characterized
by a highly "selective" tubular proteinuria. Of the LMWP studied,
CC16 and RBP are the most sensitive and reliable indicators for
screening this tubular proteinuria. There is no evidence for
recurrence of the disease after transplantation.
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